As we now know, cancer is the result of the combination of inherited genetic alterations and acquired somatic alterations over time, either resulting from spontaneous errors during DNA replication or in response to exogenous genotoxic stress such as ultraviolet irradiation or tobacco smoke. The combination of these inherited and acquired alterations cause activation of oncogenes and inactivation of tumor suppressor genes that result in tumorigenesis. While many cancers are "sporadic" being caused predominantly by acquired somatic alterations, a substantial fraction of cancers, particularly those arising during childhood, are "familial" and arise due to an underlying tumor predisposition syndrome caused by an inherited germline mutation. These germline mutations can be either inherited across multiple generations or can arise de novo in the sperm or the egg giving rise to the affected proband. Alternatively, tumor predisposition syndromes can also arise de novo due to constitutional mosaicism, in which a mutation is acquired during post-zygotic development in utero and is only present in a subset of the cells in an affected individual.
Most familial tumor predisposition syndromes have an autosomal dominant inheritance pattern, which results from an inherited germline mutation or deletion involving one of two alleles of a tumor suppressor gene. Neoplasms then develop in affected individuals when somatic inactivation of the remaining wild type allele occurs during the patient's lifetime, frequently during childhood or early adulthood. This second hit is most often a loss of heterozygosity event due to chromosomal nondisjunction during cell division, but can also occur due to somatic acquisition of a second mutation or deletion occurring in trans with the germline alteration. Some common examples of autosomal dominant tumor predisposition syndromes are Li-Fraumeni syndrome, Lynch syndrome, and neurofibromatosis type 1 (NF1) and type 2 (NF2). In contrast, some familial tumor predisposition syndromes have an autosomal recessive inheritance pattern, which results from either homozygous or compound heterozygous germline mutations causing biallelic inactivation of a tumor suppressor gene. The cancers that arise in autosomal recessive tumor predisposition syndromes almost always occur during early childhood. Examples of autosomal recessive tumor predisposition syndromes are constitutional mismatch repair deficiency syndrome (CMMRD) and Fanconi anemia.
It is now appreciated that the nervous system is affected in many familial tumor predisposition syndromes and that a substantial fraction of nervous system tumors results from one of the many different tumor predisposition syndromes that have been described to date. Recent genome sequencing studies have demonstrated that approximately 8% of all childhood malignancies arise in patients with pathogenic germline alterations causative of a known tumor predisposition syndrome [10, 21] . Other studies have suggested that this percentage may be even higher in children with brain tumors in particular [12] . Certain tumors of the central nervous system (CNS) are now known to be highly enriched in patients with tumor predisposition syndromes. For example, more than half of atypical teratoid/rhabdoid tumors occurring in infants under 1 year of age arise due to a germline mutation in the Swi/Snf chromatin remodeling gene SMARCB1 as part of rhabdoid tumor predisposition syndrome type 1 [3] . Approximately half of optic pathway gliomas arise in the setting of NF1 due to a germline mutation in the NF1 tumor suppressor gene [15] . Multiple studies have now demonstrated that medulloblastoma is a disease that results from an inherited tumor syndrome in approximately 10% of children, which can be due to several different syndromes including Li-Fraumeni, Gorlin, and Fanconi anemia [4, 20] . In particular, the SHH-activated molecular subgroup of medulloblastomas has the highest contribution of inherited germline predisposition in up to 20% of affected children.
As such, a detailed family history of cancer, personal history of neoplasia, and physical examination evaluating for manifestations of a tumor predisposition syndrome (e.g. Lisch nodules, neurofibromas, café-au-lait macules, shagreen patch, etc.) should be performed for all patients with CNS tumors. Notably, not all tumor predisposition syndromes have cutaneous manifestations (e.g. Li-Fraumeni syndrome), and the absence of a family history of cancer does not exclude the presence of a tumor predisposition syndrome which has arisen due to an acquired de novo germline mutation. Genetic counseling and germline sequencing should be routinely considered in all children with CNS tumors, and also in those adults with CNS tumors in which there is clinical suspicion for a tumor predisposition syndrome based on family history, physical examination, or other factors.
Diagnosis of a familial tumor predisposition syndrome has important implications both for the patient as well as any family members that are also affected. Such recognition allows for appropriate surveillance and screening following recommended guidelines such as the modified "Toronto protocol" that has been established for individuals with Li-Fraumeni syndrome [13] . This can lead to early detection and potentially life-saving intervention. Additionally, recognition that a cancer is arising as part of a tumor predisposition syndrome may have implications for immediate treatment purposes. For instance, current recommendations are to avoid radiation therapy if possible in individuals with Li-Fraumeni syndrome given the high risk of inducing sarcomas and other neoplasms due to the DNA double-strand breaks caused by the gamma-radiation in cells haploinsufficient for functional p53 protein [16] . Additionally, the hypermutation in glioblastomas resulting from mismatch repair deficiency due to either Lynch syndrome or CMMRD may result in increased efficacy of immune checkpoint inhibitors [2, 14] .
Investigation into the biology and genetics of tumors arising in the setting of familial tumor predisposition syndromes has revealed similarities to their sporadic counterparts in some cases, but that some syndrome-associated tumors may be distinct from their sporadic counterparts. For example, approximately half of choroid plexus carcinomas arise in the setting of Li-Fraumeni syndrome due to germline TP53 mutation [16] . However, the majority of sporadic choroid plexus carcinomas lack somatic TP53 mutations and have favorable outcome compared to TP53 mutant choroid plexus carcinomas [19] . Thus, Li-Fraumeni syndrome-associated choroid plexus carcinomas appear to be biologically distinct from their sporadic counterparts in most cases. Most pilocytic astrocytomas are sporadic and arise due to somatic BRAF fusion or mutation. However, the clinical scenario of a pilocytic astrocytoma that lacks BRAF fusion or mutation should raise suspicion for either NF1 or Noonan syndrome, which account for a substantial subset of BRAF wild type pilocytic astrocytomas, particularly those involving the optic pathway. Gliomas arising in the setting of NF1 appear to be distinct from their sporadic counterparts not only in terms of the genetic driver, but also histomorphology and clinical outcomes [15] . As such, it may be prudent for pathologists to specifically designate syndromic tumors as part of the integrated diagnostic framework recommended by the WHO Classification of Tumors of the Central Nervous System. For example, "Pilocytic astrocytoma, WHO grade I, arising in the setting of neurofibromatosis type 1" is more diagnostically informative than just "Pilocytic astrocytoma, WHO grade I", as it provides information of arising in association with germline NF1 inactivation and not the somatic BRAF fusion or mutation that is typical of sporadic tumors.
Occasionally, we encounter patients with multiple tumors or a strong family history of cancer who do not fit into the tumor spectrum associated with the known familial tumor predisposition syndromes and are not identified to harbor a pathogenic germline mutation in one of the associated genes. Efforts are currently underway to better understand the known familial tumor syndromes, and also to identify new tumor associations and novel tumor predisposition syndromes. For example, the Gliogene consortium has been investigating familial glioma and recently identified that germline mutation in the shelterin complex gene POT1 causes a familial form of oligodendroglioma [1] . Additional studies have recently shown that ependymomas can arise as part of multiple endocrine neoplasia syndrome type 1 due to germline MEN1 mutation [8] , and that both pleomorphic xanthoastrocytoma and diffuse astrocytoma can arise as part of familial melanoma-astrocytoma syndrome due to germline CDKN2A deletion [5] . Beyond the longstanding link between germline NF2 mutation and meningiomas, recent studies have shown that meningiomas with rhabdoid or papillary morphology can arise as part of the BAP1 tumor predisposition syndrome [17] and that clear cell meningiomas often arise due to germline SMARCE1 mutation [18] . Future investigation will identify the complete spectrum and incidence of CNS tumors that arise as part of familial tumor predisposition syndromes and will likely reveal that these syndromic tumors are often distinct biological entities compared to their sporadic counterparts associated with divergent outcomes and requiring unique therapy regimens.
In this issue of Acta Neuropathologica, I have organized a cluster of reviews on a few of the most common familial tumor syndromes with central nervous system manifestations. These in-depth reviews provide the most up-to-date information on the estimated incidence, diagnostic criteria, clinical features, histopathology, molecular pathogenesis, surveillance recommendations, and specific treatments for affected patients. Jennifer Cotter has reviewed CNS manifestations of tuberous sclerosis including autism spectrum disorder, cortical tubers, and subependymal giant cell astrocytoma [6] . Fausto Rodriguez and colleagues have reviewed the manifestations of NF1 including peripheral nerve sheath tumors, optic pathway glioma, malignant astrocytoma, and vasculopathies [15] . Sandro Santagata and colleagues have reviewed the manifestations of NF2 including meningioma, schwannoma, and ependymoma [7] . Brent Orr and colleagues have reviewed the CNS manifestations of Li-Fraumeni syndrome including diffuse gliomas, medulloblastoma, and choroid plexus carcinoma [16] . Sanda Alexandrescu and colleagues have reviewed the manifestations of DICER1 syndrome including pineoblastoma, pituitary blastoma, and primary intracranial sarcoma [9] . And lastly, Cynthia Hawkins and colleagues have reviewed the different brain tumor polyposis syndromes including Lynch syndrome and CMMRD [11] . I hope you enjoy and learn from this spectacular cluster of reviews authored by the leading experts in the field.
